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(54) Method and apparatus for the hot-forming 
from a light alloy 

(57) Tubular boxes (2) of any shape are "^ade from 
a liQht alloy (based on aluminium and/or magnesium for 
S^^) Jy means of a hot-forming method. prefer^V 

fro- billets (11) cast in that a'.'oyj*^'^ 
vides a first phase in which the alloy .s hot-«*"ded 
through a die (14) of suitaWe ^^P^^^^f J° .^^^^^^^ 
into a tube (4) of pre^Jetermined section. preferaWy ox . 
Sla' geneU rectilinear, a second phase whu=h me 
extrud'ed tube (4). still hot, is fed ^^twee" *wo^.^^^ 
f6 71 Which are heated and provided with conjugated 
Svlstpable Of defining with their <»ntoUr ttje f.n^ 
shape Of the box (2). and a third phase .n which the 



Of tubular box-type elements of any shape made 

extrusion (4) is pressed inside the moulds (6.7) which 
brought Close together in a fl"id-tight mannen by 
Seating a vacuum between extrusion (4) and cav ty 
S.9). inside the cavities (8,9). and conveying a pressu- 
rizS aas inside the extrusion (4); during the second 
phase the moulds (6.7) are kept close together at a cer- 
S distance apart from each other so that the cav|^ies 
J^ineaguideT^annelfortheextrusion (4) ins.de w^^^^ 
it is caused to slide to obtain a pre-form of it. all the 
^s?s take place with the alloy kept at the temperature 
of mawmum plasticity. 



CO 

o> 
in 

5 
o 

ill 




BNSDCXJID <EP ^061S985A1J_> 



Description 



EP 0 815 985 A1 



thp il^f^""^"*'""" *° ^ "^^'f^od of carrying out 

cawed boxes below) made of a light alloy fbased nn 
a^ummrum andfor magnesium for impl^^Sthe 

=;^r::i— 

t.s known to produce some box-type structural ele- 

to h?«^; 5' ? ® °P«^3«°" enables blanks 

srtape to obtain curvilinear elements, therefore th« 
extrusions subsequently have to be bent 2 1 

sive additional wor,.ng ^erat^S^^'rX 
mg «.e,n because of the hollow internal^ru^u^"^'''- 



versesection. In this way. however, the boxes have hLh 
we-ghts. Which mean higher costs, gr^er fi^ir^n 
sumption and increased pollution 

TTie object of the invention is to overcome the dis 

atively simple, inexpensive and which does not require 
complex or cumbersome pieces of equipment tolrm 
box-type elements made of any lighPZ al^? 
the market in any form or shape, with a Wgh dSree o? 
accuracy and the minimum of waste ^ 

^^^'^ °^ a -method is therefore 

sSel.'^' °^ ^ box o7any 

in St^^? f ^ ^'"P^'^'^Q a f iiBt phase 

m-nS^ ^® ^'""^ 3 t"be Of pre-deter- 

vded with respective conjugated cavities capable of 
defining with their contour the final shape oMhe 1° 
the IT'^IJ" ^"""9 ^--^ mould^ J phate' 
fght manner: the said moulds being heated so as to 
maintain the extrusion, during the' en'rf mouSno 
phase, substantially at the same temperature a^wh ch ? 
SrSo'l^b^SeJr Pf^ase being 

rized gas inside the extmsion. 

Furthemiore. the method of the invention preferably 



also comprises a second phase in which the extruded 
tube, still hot. is fed between the said moulds 

sTbstenftS^t^h! *° «^^"si°n 

substantially at the same temperature at which it left the 

^"""9 Phase me 

mou ds being kept close together at a certain di^ance 

Channel for the extrusion, inside which the latter is 
ro caused to slide so as to obtain a pre-form of it 1 s 
understood that the above-mentioni phTes 1 'e i 
ned out sequentially and in the shortestVsSle tLa 
ear In^of Si" ^"'^=t^"«ally rectilin- 

ear and of simple shape in transverse section mav bs 

S,nl t'K ' ^'"P'^)' Obtaining the hot 

bend,ng thereof without the risk of breaWng the trans 
verse sectK^n and without having to resort to su Ste 

- shaon,S7"'"*' -ou'ded imo a 

Shape of transverse section of any complex desion m 
sta^ete0.sti.lv.-thoutanyr^^^^ 

The invention also relates to an apparatus for the 



Shape have been obtainl^rsh-:^^^^^^ .^^l^ °^ -"^u^^ o? ^ ^^^^^^^ 

rSt^ri;^™~toa-umS s^:s^-rr^--"!--oncapabi:^ 



P-^atubUare^-;:.;::^-:^- 

ar?o^~-— 

selectively arranged 

wh^ch the moulds are close together at a certain 
nee apart from each other, so that the cavities 

a through open end facing the extrusion station 
^^P^- °d 

•ng in the channel so as to be pre-formed by if and 
.n a second of which the said moulds are kept dose 
together in a fluid-tight manner, and 
- means which can be actuated in the said second 

between extrusion and cavities, inside the cavities 
a^^d to convey a pressurized gas inside the extru 

descSL'"'' ^^^^'^ °* will be 

descnbed in greater detail in the description which fol 
lows Of a preferred embodiment which is given by wa J of 

non-exhaustive example v«th reference to thea7cS 
nying drawings, in which: ^ 
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Fig. 1 shows a diagrammatic view of the apparatus 
of the inverrtion during the performance of some 
phases of the method according to the invention: 

Fig. 2 shows a detail of Fig. 1 on an enlarged scale 
and. diagrammatically. a further phase of the 
method of the invention, and 

Fig. 3 shows an exemplary transverse section of. 
box obtainable according to the invention, com- 
pared with the overall dimensions of an extrusion 
from which it can be obtained, illustrated in dashed 
lines together with the profile of the cavities of two 
moulds brought close together for ttie pre-fbrming 
of theiextrusion. 



With reference to Figs. 1 to 3. in Its entirety 1 shows 
an apparatus which can be used according to the inven- 
tion to obtain the hot-forming of a tubular box 2 of any 
shape (in the non-exhaustive example shown the box 2 
is U-shaped in longitudinal direction and rectangular 
transverse section) made of any light alloy 

The apparatus 1 conrprises an extrusion station 3. 
of known type, capable of carrying out a first phase, that 
of extrusion, of the method of the invention to provide a 
tubular extrusion 4 of pre-determined section (circular tn 
the non-exhaustive case shown) and generally rectilin- 
ear and a moulding station 5 (capaible. as will be seen, 
of carrying out a second and a third phase of the 
method of the invention) comprising at least two moulds 
6. 7 (of which 7. the top one. is shown in Fig. 1 in a 
phantom view, so that the bottom mould 6 can be seen) 
provided with respective conjugated cavities 8. 9 (see 
also Fig. 3) capable of defining with their contour the 
final shape of the box 2 to be obtained (in this case the 
cavities 8. 9 are configured in a U on plan and have a 
rectangular transverse section). 

According to the invention, the moulding station 5 is 
an-anged immediately downstream of the extrusion sta- 
tion 3. to receive the extrusion 4 leaving the extrusion 
station 3 directly between the moulds 6. 7. so that when 
the extrusion begins to be worked in the station 5 it is 
still substantially at the same temperature at which it left 
the station 3; for this purpose, for example, the two sta- 
tions 3 and 5 are arranged adjacent to one another and 
are connected by conveying means, such as a motor- 
driven roller conveyor 10, which is known, and which is 
capable of taking the extrusion 4 when it leaves the sta- 
tion 3 and causing it to advance, with pre-determined 
force, towaids and inside the station 5. It is dear, there- 
fore, that the stations 3 and 5 could also be adjacent or 
contiguous, and in this case the conveying means, par- 
ticularly the roller conveyor 10. would be of dimensions 
which are reduced or actually absent the feed force 
being conveyed to the extrusion directly by the action of 
the extruder. 

The station 3 is preferably of the type that is capa- 
ble of being fed with billets 1 1 of pre-determined dimen- 



sions and weight, obtained directly from the molten light 
alloy; these billets 1 1 are obtainable on the market and 
are fed to the station 3 in known manner, by means of 
handling devices 12, after having been pre-heated in a 
furnace to a pre-determined temperature which is suita- 
ble for rendering plastic (under suitable pressure)- the 
alloy from which they are formed: in particular the sta- 
tion 3 includes an extrusion press 13, which is known, 
and illustrated solely in diagrammatic form, into which 
,0 the red-hot billets (as is illustrated pictorially in Fig. 1) ' 
are introduced one at a time, and a matrix (or die) 14. 
which is known, and shaped in the shape which it is 
desired to impart to the transverse section of the extru- 
sion 4 leaving the station: in practice, the billet 11. 
,5 brought to the temperature of maximum plasticity, spe^ 
cif ic to the alloy of which it is made, and once it has 
been introduced into the press 13 (which is preferably of . 
the heated type), is subjected to an extremely high com- 
pression from a ram 1 5 of the press 1 3, which bnngs the 
20 alloy of which the billet 1 1 is composed into a fluid state, 
including if of high viscosity, which enables the alloy to 
flow through the die 14. receiving the desired shape 
from it and thus supplying, at the exit from the station 3. 
a solid pre-form (in the sense that it is capable of main- 
25 taining its own shape including under load and it can be 
handled mechanically), including if still red-hot. com- 
prising the extrusion 4. 

Accoiding to the method of the invention the extru- 
sion phase, like every successive phase also, is can-led 
30 out at the temperature of maximum plasticity of the 
alloy, and the extrusion 4 is formed as a tube which is 
substantially rectilinear and of substantially circular 
transverse section. More specifically, all the phases of 
the method of the invention are carried out whilst main- 
35 taining the alloy at a temperature at which it is in a semi- 
solid state or it is within its solidification range and con- 
tains a liquid phase fraction lower than 50% by weight. 
According to a possible variant, however, at least the 
extrusion phase could also be carried out at a higher 
40 temperature, starting, for example, directly from the melt 
as well as from billets 11 . in which case a different press 
13 will be used and the die 1 4 will be of the cooled type, 
so as to ensure, however, at the exit from the station 3. 
the supply of an extrusion 4 which is at the temperature 
45 of maximum plasticity of the alloy used. 

Accorcling to the invention the moulds 6. 7 of the 
station 5 are made of material that is a good conductor 
of heat and are provided with heating means, shown 
diagrammatically by 20 and capable of keeping them 
so and. consequently, the blank 4 fed between them sub- 
stantially at the same temperature at which it left the 
station 3 or at the above-mentioned temperature of 
maximum plasticity of the alloy used; the means 20 may 
be electrical resistors or. preferably coils in which an oil 
55 (or another diathermic fluid heated in a suitable boiler 
which is not shown) is made to circulate. 

Still according to the invention, furthermore, the 
moulding station 5 comprises actuating means 22 
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(comprising, for example, a hydraulic press with appro- 
priate limit switches, shown solely in diagrammatic form 
with a block) capable of moving the moulds 6 7 rela- 
tively in the direction of the arrow (Fig. l) - generally 
speaking the mould 6 will be stationary and the mould 7 
will be moved so that it is brought close to/moved away 
vertically from the mould 6 - to keep the moulds 6 7 
selectively arranged in two different operating positions. 

A first operating position is that shown in Figs 1 
and 3. in which the moulds 6. 7 are arranged exactly 
superimposed, but only semi-close together, i e close 
t^ether at a certain distance D apart from each other 
(Fig. 3) so that the facing cavities 8, 9 define between 
them an open guide channel 23 (in this case U-shaped 
on plan) for the extrusion 4; the cavities 8, 9 are also 
produced in such a way that the channel 23 is provided 
with at least one through open end 24 (see also Fig 2) 
which is arranged in correspondence to the roller 10 
facing towards the extrusion station 3. and through 
which the extrusion 4 leaving the station 3 can be intro- 
duced into the channel 23 to be caused to slide inside it 
guided, for example, in contact with the bottom walls 
and/or the longitudinal corners of the semi-close 
together cavities 8, 9. 

In contrast the second operating position which the 
moulds 6, 7 can assume is not shown, insofar as it cor- 
responds simply to the first, but in which the distance D 
IS reduced to zero, so that the moulds 6. 7 are kept close 
together with a pre-determined pressure; in particular, 
according to the invention the moulds 6, 7 are config- 
ured (or equipped, as will be seen) in such a way that in 
this second operating position they are close together 
not only in contact but also in a perfectly fluid-tight, par- 
ticularly gas-tight, manner. 

Finally the station 5 comprises pneumatic means 
shown diagrammatically by 26. which are arranged for 
example, incorporated inside (or underneath or adja- 
cent to) the stationary mould 6. can be actuated solely 
in the second operating position of the moulds 6 7 and 
are capable both of creating the vacuum inside the cav- 
ities 8. 9 between the extrusion 4. previously introduced 
into the channel 23. and the cavities 8, 9 themselves 
and of conveying a pressurized gas inside the extrusion 
4 which is present between the moulds 6. 7 In onder to 
prevent possible corrosive phenomena of the extrusion 
4. this gas IS preferably an inert gas. such as helium 
argon or nitrogen. 

According to the method of the invention, once a 
substantially traditional extrusion phase has been ear- 
ned out in the station 3, which produces an extrusion 4 
of simple shape, so that the extrusion phase can be ear- 
ned out at low cost, high speed and efficiency and with 
no waste, a phase of pre-forming or blocking towards 
the definitive shape desired for the box 2 is then carried 
out on the extrusion 4. For this purpose the block or 
blank which the tubular extrusion 4 constitutes is taken 
from the die 4 and immediately fed continuously, still 
hot, between the two moulds 6. 7 arranged in the above- 



mentioned first operating position, inside the curved 
channel 23 defined by the cavities 8. 9. 

TTianks to the fact that the extrusion 4 is still at the 
temperature of maximum plasticity of the alloy which 
forms It (which is variable with the composition of the 
alloy and is therefore specific to each alloy used at any 
given time) and to the fact that it is maintained at this 
temperature by the means 20, the extrusion 4 is pre- 
formed by the effect of its sliding, with gradual introduc- 
10 ton. in the channel 23 of which it will tend to assume the 
shape, in particular the extrusion 4 will be bent into a U 
(dashed section in Rg. i) or into any other shape corre- 
sponding to the shape on plan of the cavities 8 9 

When the introduction of the extrusion 4 'into the 
15 channel 23 is completed, i.e. after the second phase a 
third phase of the method of the invention is carried out 
which comprises a moulding phase of the already pre- 
formed extrusion into the definitive dimensions and 
shape of the box 2 to be obtained. Before this third 
so phase IS carried out. however, a cutting phase (Fig 2) is 
carried out in which the pre-formed extrusion 4 in the 
channel 23 is cut in correspondence with the through 
open end 24 of the channel 23. by means of a bulkhead 
with shears 30, for example, which is made to ascend 
2s from a seat (not shown) provided in the mould 6 to inter- 
cept and close the end 23. 

This same bulkhead 30 is produced in such a way 
that It IS also capable of sealing the end 23 in a fluid- 
tight manner immediately after having carried out the 
30 cutting phase: alternatively, this closing function may be 
performed by any other known mobile sealing means 
such as another sliding bulkhead, an expanding sleeve 
etc. In any event, immediately after the cutting phase (or 
also at the same time as it takes place) the moulds 6 7 
35 are brought together into contact, gradually reducing 
the distance D between them, until they are pressed 
against each other in a fluid-tight manner; in this config- 
uraton (Fig. 2) the bulkhead 30 (or means equivalent to 
It) will not only close the open end of the moulds 8 9 in 
40 a fluid-tight manner but also the internal volume of the 
pre-formed extrusion 4. whose corresponding open 
end or that just cut. will be coupled in contact with the 
bu Wiead 30 (or with the possible sealing means which 
will have taken the place of the bulkhead/shears 30 after 
45 the cutting phase). 

ft is obvious that by bringing the moulds 6. 7 close 
together into contact, the cavities 8, 9 are also brought 
into contact, obtaining the deformation in the radial 
direction of the blank constituted by the extrusion 4 
50 which IS consequently subjected to the phase of mould- 
ing into the box 2 to be obtained. According to the inven- 
tion, the moulding phase is not. therefore, carried out in 
fradrtional manner, simply by bringing the moulds 6 7 
into contact, but. profiting from the fact that the latter are 
55 brought close together in a fluid-tight manner and that 
also once the moulds 6. 7 are close together the extru- 
sion 4 IS kept by the heating means 20 at the tempera- 
ture of maximum plasticity of the alloy being worked so 
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that it is highly deformable. the moulding phase is car- 
ried out by creating a vacuum between extrusion 4 and 
cavities 8. 9, inside the cavities 8. 9 themselves, and by 
conveying a pressurized gas inside the extrusion 4. 

For example, for this purpose the pneumatic means s 
26 include a double pump 40 and two pipes 41 and 42; 
the pipe 42 has an outlet (or a series of outlets, conse- 
quent on a possible bifurcation of it. which is not shown 
for reasons of simplicity) inside the cavities 8 and/or 9, 
whereas the pipe 41 extends partly inside the bulkhead 1 
30. or in such a way as to have an outlet 44 facing, with 
moulds 6. 7 close together in contact, the internal cavity 
of the extrusion 4, in correspondence with one of its two 
opposite terminal ends, in the case illustrated one end 
50 (Fig. 2) corresponding to the open end 24 (now i 
closed by the bulkhead 30) of the channel 23. The 
opposite end (not illustrated for reasons of simplicity) of 
the extrusion 4 will now be sealed fluid-tight, either 
because it rests against closed and adjacent ends 52 
(Fig. 1) of the cavities 8. 9 opposite the ends defining : 
the open end 24. or because this end also of the extru- 
sion 4 will be kept closed by a mobile bulkhead of the 
moulds 6. 7. 

During the moulding phase according to the inven- 
tion, therefore, the pressurized gas (inert gas such as 
argon, helium or nitrogen at 1 00 atmospheres, indicated 
by the small arrows in Fig. 3) fed inside the extrusion 4 
through the channel 41 will tend to "inflate" it. producing 
the deformation of its lateral wall (the alloy forming the 
, extrusion 4 is in fact in a plastic state) which is squeezed 
to copy, the profile of the cavities 8, 9, whilst a similar 
effect will be achieved by the extraction of the air 
present in the cavities 8. 9 (only shown in diagrammatic 
form in Fig. 3 by small an-ows pointing towards the pipe 
42). which enables the plastic walls of the extrusion 4 in 
defbrmation phase to copy the walls of the cavities 8. 9 
without air bubbles being interposed to produce surface 
defects. 

Once a desired degree of vacuum has been 
reached inside the cavities 8. 9 and/or a desired pres- 
sure inside the blank 4, or a pre-determined time has 
elapsed, the heating means 20 are de-activated and the 
moulds 5, 6 moved apart to a distance greater than D 
and such as to enable the box 4 thus obtained to be 
extracted from them as soon as it has cooled down suf- 
ficiently. ^.„ ^ X 

By operating as described, starting from billets of 
aluminium alloy of the following composition by weight: 
0.95% Si. 0. 1 7% Fe, 0.5% Mn, 0.65% Mg. remainder Al. 
produced by Hydro Aluminium Sunndal (Nonway). work 
is carried out in all the phases (extrusion, pre-forming 
and moulding) at the temperature of 575 °C. using an 
extrusion pressure of 1000 tonnes and carrying out the 
moulding at a gas pressure inside the blank of 100 atm 
and at industrial pressure on the outside, so as to elimi- 
nate the air space usually present between moulds and 
blank in a normal moulding phase. Tubular boxes of dif- 
ferent shapes which are perfect and free from defects 



have been obtained in trials. 

The technology of the invention can therefore be 
used for any light alloy and in particular for the alloys of 
aluminium (Al) such as: Al/copper. Al/silicon. Al/magne- 
sium. Al/zinc alloys; and for magnesium (Mg)-based 
alloys such as: Mg/aluminium. Mg/aluminium/zinc. 
Mg/zinc/rare earths. 

Claims 

9 

1 . Method for the hot-forming of a tubular box of any 
shape made from a light alloy, comprising a first 
phase in which the alloy is hot-extruded through a 
die of suitable shape so as to be formed into a tube 

5 Of pre-determined section and generally rectilinear, 
and a moulding phase, in which the extrusion is 
moulded, to obtain the box of desired shape, 
between at least two moulds provided with respec- 
tive conjugated cavities capable of defining with 

.£) their contour the final shape of the box; character- 
ized in that during the said moulding phase, the 
said moulds are kept close to each other in a fluid- 
tight manner; the said moulds being heated so as to 
maintain the extrusion, during the entire moulding 

J5 phase, substantially at the same temperature at 
which it left the first extrusion phase; the moulding 
phase being carried out by creating a vacuum 
between extrusion and cavities, inside the cavities, 
and conveying a pressurized gas inside the extru- 

30 sion. 

2. Method according to Claim 1 . characterized in that 
it also comprises a second phase in which the 
extruded tube, still hot, is fed between the said 

35 moulds provided with conjugated cavities, during 
this second phase the moulds being heated so as 
to maintain the extrusion substanfially at the same 
temperature at which it left the first extrusion phase; 
during the second phase the moulds being kept 

40 Close together at a certain distance apart from each 
other, so that the cavities define a guide channel for 
the extrusion, inside which the latter is caused to 
slide so as to obtain a pre-form of it. 

45 3. Method accorcling to Claim 2. Characterized in that 
the said moulding phase is carried out after the said 
second phase, that of pre-forming. so as to consti- 
tute in sequence solely a third phase of the forming 
cycle of the box to be obtained; all the said phases 

so being can-ied out with the alloy being kept in a tem- 
perature range around the temperature of maxi- 
mum plasticity specific to the alloy used. 

4. Method according to Claim 2 or 3. characterized in 
55 that the said second phase is carried out immedi- 
ately downstream of the first phase, feeding the 
extrusion leaving the die directly between the said 
semi-close together moulds and producing the lat- 
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ter in such a way that the said guide channel 
defined by said cavities of the moulds terminates 
towards the said die with a through open end. 

5. Method according to Claim 4, characterized in that 
after the second phase and before bringing the 
moulds close together in a fluid-fight manner to 
carry out the said moulding phase, the said extru- 
sion is cut in correspondence with the said through 
open end of the guide channel defined by the cavi- 
ties of the moulds; during the said moulding phase 
the said open end of the channel and the Internai 
volume of the said extrusion are closed in a fluid- 
tight manner by mobile sealing means. 

. Method according to one of the preceding Claims 
characterized in that the said first phase, that of 
extrusion, is carried out starting from billets cast in 
the light alloy of which it is desired to obtain the box, 
which billets are heated to the temperature of max- 2 
imum plasticity of the alloy and then introduced into 
an extrusion press one at a time. 



ond of which the said moulds are kept close 
together in a fluid-tight manner; and 
- means which can be actuated in the said sec- 
ond operating position of the moulds to create 
a vacuum between extrusion and cavities, 
inside the cavities, and to convey a pressurized 
gas inside the extrusion. 

10. Apparatus according to Claim 9, characterized in 
that the said moulding station also comprises 
mobile sealing means capable, in said second 
operating position of the moulds, of sealing in a 
fluid-tight manner the said through open end of the 
channel and the internal volume of the said extru- 
sion. 



^ Method according to Claim 6, characterized in that 
the said extrusion is formed as a tube of substan- 
tially drcular transverse section. 



Method according to one of the preceding Claims 
characterized in that all the said phases are carried 
out with the alloy being kept at a temperature at so 
which It IS in a semi-solid state, or it is within its 
solidification range and contains a liquid phase 
fraction less than 50% by weight. 

Apparatus for the hot-forming of a tubular box of 35 
any shape made from a light alloy, comprising an 
extrusion station capable of providing a tubular 
extrusion of pre-determined section and generally 
rectilinear, and a moulding station comprising at 
least two moulds provided with respective conju- w 
gated cavities capable of defining with their contour 
the final shape of the box to be obtained; character- 
ized in that the said moulding station is ananged 
immediately downstream of the extrusion station, to 
receive said extrusion leaving the extrusion station 45 
directly between said moulds; the sakJ moulds 
being provided with heating means and the mould- 
ing station also comprising: 



- means for keeping the moulds selectively so 
arranged in two different operating positions, in 
a first of which the moulds are close together at 
a certain distance apart from each other, so 
that the cavities define a guide channel for the 
extrusion provided with a through open end 55 
facing the extrusion station and through which 
the extrusion is capable of sliding in the chan- 
nel so as to be pre-fbrmed by it; and in a sec- 
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